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WEST ROCK TUNNEL
WILBUR CROSS PARKWAY

CONNECTICUT

Prelimingry Studies
Connecticut's West Rock Tunnel, the costliest of 69 Wilbur Cross Park-

way projects, is the state's first vehicular tunnel, Consisting eof twin
bores 1200 feet in length, it carries divided traffic lanes through West
Rock, New Haven, about 200 feet below the summit of the ridge. Work on the
$2,000,000 project was started in March 1948, The facility was opened te
traffic on November 1, 1949.

Preliminary studies of projected 1lines for the Wilbur Creoss Parkway
through the New Haven area were begun in the late 1930's under former High-
way Commissioner William J. Cox. The problem which faced the engineers at
that time was to project a line as near New Haven as possible and at the
‘same time avoid the plentiful rock formations in the area. Several lines
were run but none met all of the requirements, A route west of the "Rock"
through the Bethany gap was too far inland to serve as a Néw Haven - Hart-
ford facility. East of the ridge the alignment was poor, and much property
damage was invelved, Exhaustive studies indicated that the cost of the
shortest line, through West Rock, was very clese to the cost of the best
alternate, Consultants engaged by the highway department in 1940 determined
that a tunnel through West Rock would save $100,000 in right-of-way as
compared with any route around the ridge, would be shorter and would be less
costly to maintain, It was also found that the line through the Rock would
be seven-tenths of a mile shorter than the shortest alternate line, a saving
pre-destined to meet with thé approval of the traveling public. It was also
determined that a right-of-way ea$ément for this‘Alééégion was obtainable

CONN. STATE LIBRARY
from the New Haven Park Department.
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After a tunnel was decided upon a contract was let for five test
borings to determine the character of the rock. One hole was bored at the
summit to a point 222.6 feet below the proposed grade. This showed hard
trap rock for the entire depth., Other bores disclosed similar trap reck,
except at the approximate location of the west end of the tunnel, where 19
feet of sandstone was encountered. It was, however, below tunnel grade
except at the face of the mountain.

Connecticut trap rock is a fine grained, hard igneous rock, very home-
geneous through-out, Geologically called aiabase or delerite its chief
minerals are plagioclose feldspar and sugite, It has a hardness of six on
the geological scale. Two-inch diameter samples showed many fine seams from
0° to 30° from the horizontal though the majority were about 15° from the
vertical, Recovery was measured and was found in practically all instances
te be above 90%.

After this information was obtained the consultants submitted plans
for the study of three possible schemes:

1. Twin bore tunnels, each 26 feet 6 inches wide.

2.. Single bore tunnel, 52 feet 6 inches wide, traffic separated by a

3-foot raised center strip.

3. Single bore tunnel, half of the first scheme,

Number three was eliminated as insufficlent for traffic needs.

Number one proved less expensive than number two and the most ece-
nomical method of providing for four lanes of traffie,

At this stage of the studies the advent of World War II caused tempo-

rary abandonment of further consideration of the project.

Preparations for Construction

In 1945, the highway department bridge design section began prepa-

ration of working drawings., In addition a traffic analysis was made which

further strengthened the decision to proceed with plans for a tunnel, It
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was estimated that traffic using the tunnel in 1950 would equal some 13,000

cars per day.

Subsequently the firm of Parsons, Brinckerhoff, Hogan and MacDonald
was engaged to proceed with the tunnel design. The final plans called for a
twin bore tunnel, 1,200 feet in length with bores 63 feet center to center,
23-foot roadways flanked by curbs 2 feet 6 inches wide and tile lined side-
walls, The portal construction was designed for cantilever reinforced
counterfort walls, having circular arches of ashlar and dimensional stone
masonry, with quick transitions to the vertical sidewalls and parabolic arch

inside tunnel,

Bids on the project were requested in December 1947 and were opened on

the 22nd of that month. There were seven bidders for the work, the lowest

being L. G. Defelice & Son of North Haven, Connecticut joined with the Gull
Contracting Company of New York, This contracting combination was awarded
the contract for the tunnel in January 1948 oh the basis of their bid of

$1,934,203,
Work Started

Work was started at the break-up of the severe winter of March 10th,
1948,

The contractor's first step was to clear a place to work and open up
the portal faces preparatory to drilling, firing and excavating the actual
tubes., Pay lines for unclassified, portal and tunnel excavation were verti-
cal construction lines established on the plans, The contractor elected to
excavate to a slope line that would stand beyond the established vertical
pay lines., This meant additional excavation of some 27,000 cubic yards of
earth and loose stones at the west portal and some 14,000 cubic yards of the
same material at the east portal. All of this materisl to be replaced at
his expense before completion of the contract.

The tunnel was designed on an ascending 3% grade west to east, The
contractor began work at the west portal since that was the lower grade,

This was to prevent a head of water accumulating later in the working face




as boring progressed. Also, about 85% of the tunnel excavation was destined

for the fill on the west approach,

While excavating the overburden, etc., the contractor also engaged in
setting up a plant. This installation at the west portal included a battery
of four 500 and four 315 cubic-foot compressors and air receiving tank,
Also a blacksmith shop, carpenter shop, 20-foot x 30-foot steel building for
general repair shop, fuel tanks and pumps. A building was constructed for
the miners, and was equipped with lockers, showers and inside plumbing
facilities. Temporary transformers were installed to supply a 2,400-volt
current,

For drilling purposes the contractor built drill jumbos on two Linn
half-tracks., The jumbo frames were erected so that the two units could be
dovetailed to make one unit. Two vertical lines of steel columns were set
up on bottom crossbeams, Three platform levels were then built upon cross-
beams carried by these columns, The lower and middle levels were built with
cantilever platforms on each side and the top level consisted of a canti-
lever sliding platform on the inside only, inasmuch as the rough tunnel
contours would not permit the use of an outside platform,. Thus, four levels
were used for drilling the tunnels with four drifters working the ground
level and the first and second platform levels and two drifters on the top
level, These drifters were so hung on the jumbo that by adjustment any area
of the tunnel face could be readily drilled.

Air, water and lights were hooked to the Jjumbos after the two com-
ponent rigs were in place. It was necessary to install a 2 1/2-inch aux-

iliary electric pump to boost the water pressure from the main to the

drifters.

Payment Lines
The specifications stated that the arbitrarily determined location of

the rock portals should not be interpreted to indicate that the top of the
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rock at the portals would be found at such elevations that it would bridge

the tunnel bores, Therefore the contractor was advised to make his own

determination as to the location of éuch rock-bridging conditions.

"A" and "B" lines were set up on the contract plans and in the speci-
fications as reference lines in the typical sections of shaft and bores,

The "A™ line was the line of minimum thickness of concrete lining in
the shaft tunnels, and concrete walls and footings in the tunnel portals
within which no rock would be permitted to remain,

The "B" line de-limited the rock excavation to be paid for. This "B"
line was fixed and shown on the shaft, tunnel and portal sections on the
plans, and was generally 6 inches outside of the "A" line,

Hence the "A" line represented the construction 1line and "B" the
payment line,

The contractor proceeded in May to drill vertical line holes 4 inches
on center along the "A" lines of open cut section for both tunnels at the
west portal. By June, he was blasting and mucking out these areas, muck
being hauled and placed for approach fill,

Late in June, the cut and cover or open cut sections of both tunnels
at the west portal were completed. The jumbos were moved into place at the
north tunnel face to drill the first round. A full face method of operation

was adopted again, line holes 4 inches on center were drilled but this time
horizontally on the "A" line.

Drilling and Excavating Details

On June 21, the first round, made up of some 162 1line holes 12 feet
deep and 89 firing holes, 4 1/2 feet deep in the north tunnel were com-
pleted. These were fired in three separate shots, the first a wedge shot
near the center of the heading, the second, the remaining portion of tunnel
below the spring line of the arch. The arch section was third., The pull

obtained from this firing was four feet. After excavating the blown rock,




steel arch ribs, sills and columns were set on 2-foot centers,

The columns consisted of 8-inch flanged beams sharply leveled at the
arch line and plated at the top to meet the thrust plates of the heavier
8-inch beams that were to span the tunnel roof. These frames were to remain
as a permanent part of the tunnel structure. On July 1st, 1948 the south
tunnel was drilled and the same procedure followed.,

Work in both tunnels was pushed simultaneously, and borings in both
headings were kept about equidistant from the portals. Driving operations
were handled by two shifts of two erews each, one crew operating in one
shaft, drilling, loading and blasting a round while the second crew scaled,
excavateq and set and blocked steel frames in the other shaft,

Each drilling crew was made up of twelve drillers (miners), twelve
muckers, two scaling miners and one nipper and shifter or heading boss., The
twelve miners loaded and fired the rounds drilled under the supervision of
the walking boss, Each mucking crew employed a shovel and operator, oiler,
bulldozer and operator, three dump trucks, a safety miner and two laborers.

In drilling, the two drill carriages or jumbos were used side by side,
working against the face of the heading. At the beginning of the project,
conventional rock bits were used, but only 3 to 8 inches could be drilled
per bit in the tough trap rock., A change was made to Carboloy 2-inch bits
which proved good for about 300 feet of rock per bit. From 55 to 75 holes
were drilled for a blast, using nine delays.

At the start of each tunnel, as previously described, a 4-foot round
was drilled. This was increased to 8 feet and finally to 12 and 13 feet.
The 1latter depth of holes was generally used throughout, resulting in an
average pull of 11 to 12 feet. This was achieved in both headings each day.
Hercules Gelamite No. 2X dynamite was used, and approximately 2.3 to 2.9

pounds were required to remove one cubic yard of rock. This was consider-

ably lower than anticipated, as in many similar cases from 4 to 6 pounds
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are needed per cubic yard,

With few exceptions the steel ribs or frames were set on 6-foot
centers, This spacing was maintained throughout practically the entire
length of both tunnels. The 8-inch ribs and arch sections were fabricated
in a steel plant and shipped to the job ready for erection, The vertical
members were erected on footings of 4-inch by 10-inch timber sections, while
the arch pieces were bolted in place from the drill jumbos, each jumbo being
equipped with an Air Tugger Hoist for this purpose, Any questionable places
in the rock perifery were blocked and shored with heavy timbers. Three by
ten-inch temporary lagging was placed between the lower flanges of the arch
stegl as protection to the men against any rock that might air slack or fall
from vibration or other causes,

The headings were lighted by reflectors attached to extension cords.
At the beginning of the work, these expensive light reflectors were shot-up
so frequently by the blasting fhat the contractor replaced them with ordi-
nary aluminum kitchen dish pans, A couple of light bulbs were placed in
each pan. This arrangement gave most satisfactory results, since the alumi-
num pans had excellent reflecting qualities, and at the same time withstood

flying rock very well,

Temporary Ventilation

A 30-inch metal ventilating line was installed in each bore suspended
at a height of about 7 feet above the tunnel floor. The two lines came to-
gether outside the west portal to form a Y., At the base of this Y a blower
with a 36-inch reversible fan was installed which was capable of supplying
13,000 cubic feet of air at 2 1/2 pounds pressure, On each side of this
reversible blower auxiliary blowers with 30-inch fans were installed. These
produced 10,000 cubic feet of air, With this ventilating system, foul air
was speedily ' drawn from the tunnel after each blast, Then the system was

reversed and the auxiliary fans forced fresh air into the headings. The
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main blower was powered from a 2,300 volt line, while the auxiliaries oper-

ated on 440-veolt current.

East Portal

While progress was being made in the west bores work had started at
the east portal. Overburden material had been removed, cut and cover
sections line-holed and blasted to predetermined tunnel-heading locations.
Portal footings were blasted out and excavated. A temporary culvert was in-
stalled to carry an adjacent brook so that the contractor might stockpile
excavated material to be moved later through the tunnel and used in com-
pleting the west approach fill,

Working thus from both ends of the tunnel, the contractor holed

through with the final blast on November 8,

Ventilating Shaft

With this work accomplished, blasting and drilling operations were
centered arocund the shaft for the permanent ventilation of the tunnels, The
ventilating shaft resembles a great concrete flue, containing four 6é-foot
diameter, vertical openings., The structural work is supported on a steel
frame built at about the level of the tunnel ceilings. The shaft is located
midway between the portals, with a control room at its base between the two
bores. From the top of the shaft to the roof of the control room is ap-
proximately 180 feet. An octagonal-shaped house is built atop the shaft to

exhaust foul air. This structure is faced with random-ashlar stone and is

fitted with aluminum louvres. The ventilating shaff is lined with concrete

from top to bottom and houses four, 6-foot diameter, steel ducts.

The permanent ventilating system consists of two fans for each tunnel.
These are located in the control room., The fans will exhaust foul air from
the tunnels and blow it up the shaft which, provided with four separate

ducts, will prevent the air from short-circuiting from one fan back through

another fan to the tunnel,
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The ventilating fan motors are controlled by means of carbon monoxide
detector systems, In each tunnel there are two ventilation controcls located
at the quarter points in the length of the tunnel, and one combination ana-
lyzer and recorder located in the central control room. This gives three
points of control for each tunnel. If the carbon monoxide content of the
air in either tunnel increases above the setting on the controls a fan in
that tunnel will start. If there is a further increase in the C.0. content
the othser fans will start and tunnel traffic lights will turn to red. The
analyzer 1s capable of detecting as 1little as one part of deadly gas in a
million parts of air.

These ventilating fans are 72 inches in diameter, of the "axial flow"
pressure type and are connected directly to electric motors, ‘Each fan will
exceed 82,500 feet per minute capacity of 5/8-inch static pressure with a
top speed of not more than 10,000 feet per minute. The motors are 25 horse-

power, 220-volt, splash-proof type. The fan rotors are cast aluminum with

integrally cast blades.

Concrete Tunnel Lining

Side wall and arch stagings for the concrete placement were steel,
The framework was assembled on the project, made up of four sections, each
200 feet in length. The stagings rode on rails set on the tunnel safety
curbs, the center frame held in place by screw bolts previously placed in
the curbs, From this center freme the wall and arch sections were hung and
jacked into place by horizontal and vertical jécks. In place, each unit
fully assembled allowed placing of 80 feet of side wall, both sides, or 80
feet of entire arch for a depth of 9 1/2 feet from the top of the safety
curb to the spring line of the arch. The walls were subsequently faced with
glazed tile, The side wall forms in the area where tile was placed had
vertical welded beads 1/4-inch in diameter, spaced 4 inchesron center for

better bond in setting the tile.

Concrete was placed by means of a one cubic yard pneumatic gun.
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Aggregate was batched from the plant to single drum paver, mixed and dumped

directly into the gun. The gun was set up on sleds attached to the air

receiver tank, Air for the tank was furnished by two 500 cubic-foot com-

pressors outside of the tunnels, With the concrete in the gun, the press-
weld chamber holding the mix was sealed off by air locked doors. Under 80
pounds of air per square inch the concrete was shot through a 6-inch metal
pipe into place. In some instances the concrete was forced a distance of
800 feet in 35 seconds,

Control of water proved a major advantage in placing concrete by use
of the gun, Slumps averaged 2 1/4 inches and less, Six cylinders were made
for testing each day's placement. It was pre-determined there should be 400
pounds per square inch concrete in the side walls and 600 pounds per square
inch concrete in the arch before stripping the forms. Two test cylinders
were broken forty-eight hours after the first pour. Results were so good
that the time was cut to forty hours. Strength at forty-eight hours was as
high as 1,190 pounds per square inch, All breaks at forty hours were better
than 550 pounds per square inch and averaged 280 pounds, Seven day breaks
of the concrete averaged well over 2,000 pounds per square inch, These
breaks enabled the contractor to get three side wall pours or 240 feet of
tunnel-side per week,

The pavement placed throughout the tunnel extended 50 feet outside of
the portal walls at each end. It is eight-inch reinforced concrete from
curb to curb with a 1/4-inch premoulded, expansion joint at each curb. The
pavement was placed on a broken stone base which filled the space between
the rock and subgrade surface. This provides for sub-drainage from beneath
the pavement into intermitently-placed four-inch weep holes which are con-
nected to 15-inch diameter culverts, The pavement has a cross slope of
1/8-inch per foot with 5/8-inch cross slope for the outside 2 feet sloping
to the right of traffic direction. Ramp drains were installed for the full

width of each pavement and 25 feet inside of each portal face,
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The portals are random ashlar for which pink granite was used. All
dimension ring stones, quoins and turrets and the stone for the walls of the

portals were cut and shaped at the quarry.

Tunnel Lighting

The tunnel 1lighting system has been designed to meet both day and
night conditions with luminaires located on the center 1line of the roof
throughout the length of each bore. For general illumination, 300 watt
luminaires are spaced on thirty foot centers with closer centering used in
each entering hundred feet. An electric eye provides approximately two foot
candles of light on the roadway at all times, Caution and stop lights are
installed for emergency use at stations within the tunnels and fire ex-
tinguishers are located in wall niches at equal intervals. Removal of any
extinguisher will automatically change the lights in the tunnel concerned,

to caution, and start a ventilating fan in the control room.

Safety Measures

During construction of the tunnels safety precautions were enforced.
The inside of the tunnels were brilliantly lighted so that the workers could
see during all operations. No one was allowed to enter the tunnel without a
"hard hat", When a blast was shot, the shift boss was the last man to step
to safety and the first to examine the results before allowing the men to
return to work., Periodic safety inspections were made by both repre-
sentatives of the contractor's insurance company, and by the Safety Engineer
of the highway department. Department of Labor inspectors also visited the
site and made recommendations for safe operations. The contractor main-
tained a well-equipped first aid room on location for the duration of the
job. During the period of tunneling, a doctor was available at all times.

One life was lost throughout the course of the entire project.







*auj 02 Buiyoiq [pI1euas jo vorssiwsad uaylIm
noyym piod u 10 ejoym ul peidad aq jou gsnw dow siyj

AN ‘9 NYOA MIN “IS 1SIM 1T

“INI “02 ONILIVEA TV¥INIO ‘IHONAOD

S v € z

$8|IW JO 8|POG

t

A\
suteid y_wz !

: % J

£ 1::&].%&,

£119YyS

Ly
it
Snodiuyon

ska1pna w
"\
\

/8

/M;\& L
19 ar
{Th) _/:_ﬂ,,

\
| Jed senemgl

D¢
Eo*_:m_m W—Fﬂu
)/

(o
N
4 o.o\}.vw
A asamojuop

S

I

i AIBJURD)
ugpuey

001g, YooY

)

un,.e\

) e gl

deay

apt Y

#5

Aaudais 48

ade||IA
\‘ 1se3 ,
- \L,,

A
Zaer X\Eoﬁomw

\ puog
%:xc\s f
!

\ ¥ o
UssnBnoy Pd s14m, .».

AL P ¥0
Cmﬁ:mu 19end)
\ \&wmw:oExmw

wPnodnoN

puog
N S




*g§9J0q T30q JO SOUIT JIL93USD 8Y}

pu®B STOUUNG UM} ©U3} Us9M3eq SUTT JI83Ued
ey} WJew s398183 Loaans ‘ean3ord JoO

doy 3y ‘*euy[ T®3d0d 03 }oox Bupy}selq
03 Axojeaedsaad TejJod 3889m 8Yj JO MSTA
§TY3 U pejstedo Jupeq o488 ST[TIP uodey

*sTouuny}

JO euf[ J2qUed peasao-ysniq Jur
-MOUS UOT3ONJI}8U0D 03 JOTJId Yooy 388M
JO OpTE 9S8M U0 Yoj0u 8y3 Jo dn 880T)

*9pBI3

Lemyaed pexpnbex eyj Areqsutxoadds 0%
(punoadetoy) pejTeodep Ueeq sBY [BTI93BU
Pe38ABOX® MOTA STY} U] °908BJ }OO0JX PF[OS
8yy osodxe 0} }00J 9S00T PUB USPINGJISAO
y3Jd68e JO [BAOWSJI oY} pepnoutr [ejdod
980M 98U} 38 suofjsIado Jo Supuupdeg

*§0J0q UM} 8Y} JO Ouf[ J93ued
oqsuiTxoxdde eyj siIBW YITYM YOj0U oYl
pUB ,,J{00Y,; 8U3} JO ©PIS 3somM 9y} SMOUs

JOATY 959M ©OU} Ss0J0® MeTA STYL °g76T1
o8y U Teuuny 8yj3 JO UOT}ONI}SUOD JO
q9a838 oyj3 03 Joftad usa®By Moy ‘}ooy 3seM




a @ @ @ 6 @ ¢

-9 @




5 *peoT

3T Surdump J83J8 8J0q 8y} 03 Furuanied ST

sTe3J0d 94€9M 9Y3 JO MSTA STY3 U} UMOYS 8uo

eyl °speads 9s8I9A9J pUB pPIBMIOJ TenNbO

Sutasy pus spasA OTqNO XIS JO pPBOT ®
Burney jo oTqeded YoBe ‘SIOTIIBO pPOssq *peeyI9A0 00X dBa} JO 93097
-1o9yn=-1I0ys 8JoM @sey] °,sJ03dung, UT ; 0§ euwos Y3BouUsq PIBMUT sesseJdoxd 3T
§9J0qQ Teuun} WOJIJ POAOWSI SBM }00JI UMOT{ §8 ToAOUS oY} JO }o®q oYyl Jo dn-o9soT)

*Yo0To eYy3} punoas ATuJIog

-Tun pesseadoxd eqny YoBe U} HJIOM €B

*axoq 8y3 Jo pearnbea s® saJ0q Y] uUseM}eq pajsBU

uofq0es uado eyj 9a0qQB Uses oq Avuw sOTOY -J9q9 T8 SupysABOX® puB Juryse(q ‘SUTTTIIQ
=TTIIP YOJy °TBIJI9jBUW 8Y3 93BABIXS 03 *9J0q 35BOYLINOS JO MAITA STY3} UT STTTJIP
Ul peaow TeAoys pesJemod-euplossd B 8I0Q ¥1 JO uorj3sIedo SnoeuUB}TNUTS 8YJ JOJ
4S9My3NOs 8Yq U 388BTq 3SITJ oYy} JI93JV opTAOJd S§}oBIF-J[BY UUFT U0 s3TX [TTI(







—— —

3 =

*90BTd U €qTJ Yyoae JO Jted *9J0q Yygnos ur sqrJd yoae Surpqaoddns
168JFJ Supmoys Te3}I0d 388BO 3B 808BJ Y00y sqsod-epis (@938 jueusuIed JO MO,

*s9J0q 3s9M 8y} ur pessaafoad

*183I0d 4€em woxJ UF SUTNOOT ©I0q Y3nos Uug 3urreuuny se Lnp Uy undeq sBM ‘MeTA
MOTA ST STYJ] °pessagdoad seJoq ey} Ut 8TY3 Ul umoys s® ‘sTejJ0d [euUUN] }EBO
}JIOM 8B pPO[[BISUT dI8M YOTYM SqQIJd YoJs 8y} JOo 8178 9yj3 38 }00JI 8Yy3 JI84A00UN
19938 909Je 07 posn oJoMm swI0J3eTd TTTIQ 03 YjJase pu® ysnaq “‘seeay jo [saomay







*y3noayy
durreuun) Jo 88anod eyj Juranp pelre] ‘o3 TwsULp JO ©3aBYD TBUTJ
-JI0J ueeq psY 9JTT OUO 38BU] Qoa3ex STY eyj3 JJO 198 YOTYM YO3TMs 83 Moayjz 03
£q peaedwsy sB8M JIBJ SNY] SUOP N JIOM qnogqe Wy sMmoys ojoyd °aeyseds Tedroutad
eyy Jo estead sTH ‘AuowsJsd ,ysnoaysy 83 SBM UOUUBYS °*) Sews[ JOUIDAONH
-9T0Y, 9Yy3 18 JoyBads B OS[B S§BM T[TH UOTYM 98B SseoTUOWSI®D JOTJdq Aq pepusiyie
3I0qQTy °D ‘Isuorsstuuwo) LABMYSTH 93838 SBM gY6T ‘g JoqueAoy U0 388Tq TBULJ OY[

*Te3Jd0d 3889

*908Td up sJequem Supjgoddns JITey3 pus eyl 9% ST STY] °°eqny eyjg UTY3TM woIxJ
8qQTJ YoJas Teeqs queusugsd 8yqy sMoys SupsTas uees oq LsBw 38BTQ Y} WOIJ
4S0M 09 188BO WOJJ MOTA STYJ] °*UTM} ayous MOTA STY3F Ul °*gY6T ‘g Iequaaoy

83T UT yysnoayz-e{oy, oYy Jo ewll Uo pPejBUO} 8P SBM oqny YiJIou 8yl

oy} 1B 8qnj yi3nos oyj Jo aousaseddy U} 988Tq [BUFJ JO ,ySnoxyi-oToy, oYJ




(

~—

o e a & &g G

@

C




*JI990uBTp Josse[ JO odrd ursap jo

UoT3}oeuUuU0d JI0J ST pusy YITJd STy JseU

Sutuedg ‘*edyd uy qupol Jupi[ed ST UBW

*183I0d 3soMm - =jJom ogjoyd sTY3 ul °jusmessd yj3seu

ey} 98 oJ40q y3nos ey} woxy Jup3Ieuwe -8(q peppequl odid ©999J0U0D POIIOJUTSI
sT odyd e8wuysJdp oYj MSeTA STY3} Ul wGT popniout weqsde 93sureap Teuuny

*od4q ,T1om~-uedo, 8Y3 JO ST pus

4993 0L Jo ueds ® sBy ‘3noyjosuuo) ‘uoy

-3utyynog jo Lusdwo) UOT3ONIFSUO) FL[BUNIY

*5qJIN0 opfs U0 S[9ABI} OWBIJ WIOJ ey} 4£q 31Tnq ‘esanjonals eyl °*Joodg

-987d peudysep-A[TsToedgs °“SULTTed YoJa® UeeJ3JIS9QU) PUB SNUSAY US9I3JI94UTM JSAO
ey} Suryegouod 03 Jofad T[e93s SupoJog Lemyaed eyq Axasdo L[TBNjU248 03 93pTIq
-upex Suroe(d eae wmaojye(d SuireAsdy UO B JO UOT}ONI}SU0D 8y} uo ssaxdoxd smoys
USUD{JOM ‘2J0q YINOs 8yl JO MeTA sTY} U] ‘76T A8y up sTe3I0d 9888 8Y3 JO MOTA STYJ




g & @ 2 0 00 0 0 060 06 0 6 » 0 0 9 8 4 ©

PRl |




*uotpytsod sqvwixoxdde

. 03UT Seu0le 3870y punoxdedog 3Jo1 ‘eusad
euyr[ossy °SuroBJ °U03s JUT}}es 8J8B SUOSBU
¢1TeM TB3J0d 3s8M oy} JOo dn-9s0Td STY3 Ul

*osn quenbesqns J0J pPey003}& 9JB S8U0LE
-908J 93TusI8 ‘punoxdedol eyj3 Ul °JIegB
peanod aq 03 T[BM SUTUTB}OI 339JI0U00 Y3}

Ul £9889J18 98U} JO oI8BO 983 [[TM 989Y[
*8uTq00] 990J0U0D 8Y} UT peppaqui LpsoITe
¢sasq SuroJojured [ee99s oy3 sMoys sTB}I0d

180M oY} UesMleq BOIB OYj JO MaTA STYJ

*93TuUBIZ ,uTd,

TeTOJoUMOD ©J8 DPOOBJ ©q TTTM TTBM oU3
UYOTUYM Y3JTM 880Y3 SB [[SM SB SOUO}S ©s9y]
*908BTd UT 398 USQ OS[B SABY SOUO}E 208BJ
8uta-yoJge eyJ] °peddfaqs SWIOJ oUy3 pue
peanod ueeq sBY TTeM SUTUTB}OI 939J0U0D
oyq sTej3JI0d 94sem oYy Jo ogqoyd sTY3 Uy

°Teuun} JO uOT}08s

uedo-ATaeIodueq 38 208Td UT oJ%®
SWIOJ YOoJ® 9J0q Y3nog °*peanod ueaq
§BY [TeM 3uturs}ad 8y3 JoJ (punoad
-2J07) 3uT300J 939I0U0D oY} JO euos
BoJB TB3J0d 3s8M 89Y3} JO MOTA STY] Ul




) 6 0.0 6 @

)

e’

——

MALTIR i
AL T !Dﬂ’a {i'v'
A

m:
'm» W
ar (e Wt




*sTBUSTS OFJJBJI} pu® sqUITT
SurTToaquoo Jo0J jqueudinbe pue susj
*peaed useq 394 30U sBY ABM SuTqBTIU9A JNOJ 9Y3 osnuoy [[TM WOOI
-pBOY °JOOJ Pe}adducd pue sS[[BM O[T} Y] °pPeTI®3SUT ©q T[TM WOOI TOJIJUOD
SuTmoys Teuuny Y3Jou JO MOTA JOTJISQUT YOTYM UJ sTeuunj UeeMleq JOPTJIJI0O SE801)

‘uosJtey} pesodwraedns oq

TTTM YOTYm TBTJIS}BU T[TJ-3{0®q Oy} 103
#8vutsap epraocad 03 JOOJ TeuuUN} Y3JIou *[euun} y3Jou eyjz Jo [easeq oyj} doye Iur
8y3 JO eprsyno ey} 3sureds poxowys -puBls OJB 3[SUBI} YITM sdeeutduy °*sT[eM
Sutreq oJB 8£308BS pPOT[TJ-TeAsBa3 ‘Tejgod qJ03193unoo Bupjaoddns oyj Jutmoys [[sM
4889M aY3 JO JBAJ OY3 JO MOTA STY3} U] Sutursqea Te}Jod 3S9M 9U3 JO MSTA JBOY




B 6 6 & 0 8

) 0 ¢ 0 6 6 ¢ 0 0 9§

)

DO 2 9 6




*pejoTdwod ST SNUSAY ‘uspuey utr ABmiaed Syj3 JO UOT3098 JoYqoum

uUo9JI3JI0qUTM J9A0 ©3pPTJIq Y3} punosd uses oq Avuw yYo30u ay3 Jo doy syg3 JaAQ
-210J 9y3 U] °peJojsed Supeq LBMYIBJ ‘6761 dequeqdeg Ul o3s3s uorlyedwod
uTMpTRg S,300Y 388N (eaoqe) 3urMOys oyq Jutaseu LsMmyasd s80I) JINQTIM SUBT
‘67617 aequejdeg up s[B}I0d 38589 OYJ =TBnp 9Yyjz JO UOT3098 ® pus £[B3I0d 388N

*uM00y 388, uoTydiaosuy

: *I9A00 5858IS 9ZU0Iq YITY YOouI-¢T oYz Suriosds aJae
pTdea epTaAOJd 03 peyd[nu pue popeses PIOJJBOS U0 USsUD{IOM °*T[BM Sufurelsd oyl
¢peusoT ueeq oavy sodoTg °*AsmMiaed U0 SUTOoB] 9UO}S JBTYSB-WOPUBI peleTdmod
JO opTs Yyynos oyj3 woxy syejJod 3s8M durmoys epTs Y3Jou syj woaJ sTe}JI0d 3sep




-

(

® ® @ 0 © 0O 0 ¢ 0 ¢

~—

(

—

(




*300foad ey3 Y3 TM

pe3o8uuU0d STBTOTJJO JO SowsU ayq Jutaseq
enbe[d szuodq ® peroAUN ‘JISUOTSSTUWOD
Aemy3Ty oy3 Jo 9JTM ‘TITH 3IeqTV °D

*sJ) eJoym Tv3}Jod 3s09M 8Y3} 09 PpaAow seTuouw
-2J99 9y] ‘Surgino uogqqix oyjz JurmMoTTo4d

(*utmpreg @ puoudsy

Jouxeaos8 JewaoJ ‘qJe eueayxe ‘oqoyd Buiped
-exd UL POTJTIUSPTU[)) 4 ° S80I *T INQTIM
¢gqp0Ta98dwO0 9£018948 JIn0 JO U0 03 TBIoWSUW
8uT33TJ ®, sem Lsmyaed eyj Q8YJ} poyJIBULI
osT® S °po}B3T3SUT 8J9m [euuny oYz JI0J
sueTd owfdex osoym 3uranp xo0) °f WETTTTM
‘I0sseoepead sty pejusutTdwod (sauoyd
-0I0TW 38) [[TH JSUOTSSTUWO) ‘SOTUOWAISD
UOT3BOTpPOpP oyj3 38 s3send oyj JurseaIppy

*0TJJ8I3 0% Aevmyaed

eJTqUe oyj3 pus [ouuny oyj3 Sutusdo uUOQQqTI 8Y3
§QN0 SOTMOg JOUJISAON ‘pewsuU sBM ABMyJed 8U3
WwoyM JOJ §80Jd0) °T JnqTIM JOUILACH JBWIOF JO
suos ‘ssoa) LieAy °g pue (sIeeys Y3TM OSTB)
*ap ssod) InqTIM £q 3Y3TI pue 4JOT paqUBTL

*TTTH 3IeqTV °D

JouoTssTumo) ABMYy3TH 93835 INOT300UUO) pus
§8)JIOM OFIqnd JOo juewygede(q §3398NYOBSSBY
‘xeuotsstTumio) Aqndsqg ‘BI9}BY °p) STOUBIY
fouropy °y ydesop ‘aeanseaa] 93838 f{seToTyep
J030[{ JO JeuoTSsTWWO) 83835 ‘TTTYTATUH

d snreudo) S[[oJdI8) °J WBTT[IM °*A0D

*37 $x00 °p WBT[[TM ‘Ieuorsstumio) LBMYSTH
JouJoJ ‘qy3tx 03 3JoT ‘eae ojoyd eyj utr
JOUJ9AOS oy} PpUTYaq pe}Beg °93838 ano JO
Ax018Ty 9y3 ur 3oefoad Lemydty queqsodut
4sou 9y3, Jo uopjeTdwod eyj pexasu Asmiaed
oy3 Jo Jutuedo ey3z 38Y3 PTeS (sSauoydoJoTul
38) Se[MOg JI9389Y) JOUISAOH 938BIE OYY}

Jo e1doad oyj3 Jxo0J £3T[To8J 9y3 Surqdeoow
ur *6%761 ‘1 Iequeqoy OTjJeay 03 peusdo
aJem Teuun] Y00y 3seM 9Y3 pue AvMjaed
§804]) JNQTEM 89U} UT SHUTT OM3 98B 9Y]







® 0060000 0000006000600

*u}00yy oYy doje uees eq Lsm *07JJea3 0% £3TTT0o8J oy3 Jo Jutuedo eyj3 0%
esnoy 3J8ys JUTIB[TIUSA 8U3 MOTA STY3 JOoTJd Teuuny oyl poqoedsul susBlJI}SOpPed
Ul 6761 ‘1 JIoqueAoN uo sTe}I0d 38BY ‘6761 ‘T Joqueaoy uo s[ejgod 989M 9YJ

*pPe3oedI00 JI93}B] SBM

UOUUBYS °) SOUBL JOUISAOS JOWIOJ JO OSwWsBU

943} Ut ufuw TBTITUT STPPTU 8Y] ,°sToUUNY

989Y] JO UOT}OoNI}suod oyj3 3utanp g¥61 ‘¢

ATnp oJTT STY 1SOT OYym °opBSK YOoTJI9pady JO

LAxoweu ut peoeld €T 39Tq®3} SIULy ‘speod

*ojoyd STY3} enbe1d 9y3 yjseusq 3oTQqB} °Uy3 U0 UOT}dTJIOS

UT umoys sB8 §90J0J odeospus] Jueuwjtsd =UT 9YJ] °pojonI3suod pue psuusTd sBM
-op As8My3Ty £q pojusTd pus pededs Teuuny oy3 ©07JJO UT swJIs} osoym Jupanp
-pusT uUeaq peYy eunbe(d oYz saseq YOTYAM SIQUOTSSTUWOD ABMUYI[Y OM} pu®B SJIOUISAOF JNOJ
118M oY3 09 Jueoefps8 BOJIB PUNOJId oy] oy3 SurysT] onbeyd 8zuoxq Jo dun-os0T)




-

-
LN

L P LR

e

L3 Xy

J . oA W, . 4
G NN ATEINENST $ BT SN AN TN
\ FOLYINOY =M

3
AT

T RYNHATH

NOBINEL g
MR




0000000000000 0000000008

*23uByoJa9qUT OTJJBI} 69 ¥ L9 °‘uUu0) 8yl
smoys osTe ojoyd STYJ °o8JY3 3O0TI}STP J0J
saeqaenbpsey st Jurprrinq oYyl °OTFJeI} 03 ,
1euuny jo Supuedo 09 Jotad 3snf pejeTdwod ‘UMOYs OST® ST
‘SutprIng eotadeg LTI puod s,3uemgasd L9 °‘uuo) woxl Lemyaed eyjz 09 edusIjUS
-op ABMYSTY oYy ST [euuny syj WOIJ pIBMIOg ue Jejued Jo y3IJI ey} 3y °punoss
ATqy3t1s pue Jo qy3ta o3 3urpling ‘uepuwsy : -210J U] ©3UBYOIejUT OTJJBI} 69 °*UUOY
pa8no} Supyool (punoadydoeq) TeuuUn] Y20y oy3 Suimoys Yooy 3sopM wodJ ATISY3nos
380M pus Lsmided SSOI) INQTTM JO MOTA JITV Lemyaeq ss0X) INqQTIM oY} JO MOTA JTV

*Aemyaed oyq JI9AO

*pey oq Lsuw UsSABH MON 0TJJBJIq SOTII8O s58dJISA0 USPWBY ‘389438

Jo £370 ey3 JO MOTA MSU B punoadyosq eyj UTPOOM OY3 punoxdyoeq U] °popess pues
uT TTIY ey3 Jo doj eyy woxyg °s[euumy UM} pewsOT u®eq svy dTJq6 UBTpOUW JS3ULD
8y3 JO SUBT punoq-3JI0x MeN eyj UTYITA wody ‘paxsaco=-yjoroesesy) °Tejaod 3s®e °Y3L
q1e7Jd0%0u 9y} §388J3 YOTYM MOTA U3 ST STY] WOXJ Aemyaed Ssod) JnqTTM 943 JO MOTp







Shaft House

no
G

G P
g

S

of Verti/ats

Sketch




	sa_rg089-001_ld_001
	sa_rg089-001_ld_002
	sa_rg089-001_ld_003
	sa_rg089-001_ld_004
	sa_rg089-001_ld_005
	sa_rg089-001_ld_006
	sa_rg089-001_ld_007
	sa_rg089-001_ld_008
	sa_rg089-001_ld_009
	sa_rg089-001_ld_010
	sa_rg089-001_ld_011
	sa_rg089-001_ld_012
	sa_rg089-001_ld_013
	sa_rg089-001_ld_014
	sa_rg089-001_ld_015
	sa_rg089-001_ld_016
	sa_rg089-001_ld_017
	sa_rg089-001_ld_018
	sa_rg089-001_ld_019
	sa_rg089-001_ld_020
	sa_rg089-001_ld_021
	sa_rg089-001_ld_022
	sa_rg089-001_ld_023
	sa_rg089-001_ld_024
	sa_rg089-001_ld_025
	sa_rg089-001_ld_026
	sa_rg089-001_ld_027
	sa_rg089-001_ld_028
	sa_rg089-001_ld_029
	sa_rg089-001_ld_030
	sa_rg089-001_ld_031
	sa_rg089-001_ld_032
	sa_rg089-001_ld_033
	sa_rg089-001_ld_034
	sa_rg089-001_ld_035
	sa_rg089-001_ld_036
	sa_rg089-001_ld_037
	sa_rg089-001_ld_038

